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Abstract:  TiO2 nanotube arrays (NTAs) have high photocatalytic activity; 
however, their weak visible light absorption limits their solar energy 
utilization and environmental application. Perovskite (ABO3)-type oxides 
with a narrow band gap can absorb visible light in a wide wavelength range 
and have excellent stability; however, their photocatalytic activity is relatively 
low. Coupling TiO2 NTAs with ABO3 to form heterojunctions is one of the 
most promising approaches to extend the optical absorption of TiO2 NTAs 
into the visible-light range and promote the separation rate of 
photogenerated electron–hole pairs. However, to date, constructing 
ABO3-TiO2 NTA heterostructured composites has been extremely 
challenging owing to the different crystallization temperatures of anatase TiO2 NTAs and ABO3. In this work, LaCoO3 
nanoparticles were first synthesized using a sol-gel method. The as-prepared LaCoO3 nanoparticles were then modified 
on the surface of the TiO2 NTAs using an electrophoretic deposition technique, and a series of LaCoO3-TiO2 NTAs 
photocatalysts were thus constructed by controlling the deposition time. Results of the scanning electron microscopy 
(SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS) 
demonstrated that the nanoparticles prepared through the sol-gel method were LaCoO3 with a uniform size and high 
crystallization. The average diameter of the LaCoO3 nanoparticles was 100 nm. The binding strength between the 
LaCoO3 nanoparticles and the TiO2 NTAs was strong. The UV-visible absorption spectra (diffuse reflectance spectroscopy; 
DRS) demonstrated that the absorption band edge of the LaCoO3-TiO2 NTAs was gradually red-shifted into the visible 
light region with the increase in electrophoretic time. The LaCoO3-TiO2 NTAs prepared by the electrophoretic deposition 
technique for 15 min exhibited a strong light absorption in the wide wavelength range from 250 to 700 nm, which was the 
same as that of the LaCoO3 nanoparticles loaded on a Ti foil. The results of the photocatalytic degradation of methyl 
orange (MO) under visible light irradiation demonstrated that the photocatalytic degradation rate of MO over LaCoO3-TiO2 
NTAs was considerably higher than those of TiO2 NTAs and LaCoO3 nanoparticles loaded on a Ti foil. The LaCoO3-TiO2 
NTAs prepared by the electrophoretic deposition technique for 15 min showed the highest photocatalytic degradation rate 
of MO, which was a four-fold enhancement compared to that of TiO2 NTs under the same conditions. The p-n 
heterojunctions between the LaCoO3 nanoparticles and the TiO2 nanotubes were responsible for the enhanced visible 
light photocatalytic activity. The results of the electrochemical impedance spectroscopy (EIS) and photoluminescence 
spectroscopy (PL) tests demonstrated that the loading of the LaCoO3 nanoparticles effectively promoted the separation 
and transport of photogenerated charges, thereby enhancing the visible light photocatalytic activity of the TiO2 NTAs. 
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2  实验部分 






2.2  LaCoO3纳米颗粒的制备 




在90 °C下持续搅拌至干凝胶状态， 后在800 °C
下退火3 h得到黑色LaCoO3纳米颗粒。 
2.3  TiO2纳米管阵列的制备 





















λ = 0.15406 nm，工作电流30 mA，工作电压40 kV，
狭缝系统为1 DS-1 SS-0.15 mmRS。采用英国VG
公司的Quantum 2000型光电子能谱仪测试样品的





2.6  可见光光催化性能测试 
光催化反应在石英双层夹套装置中进行。以












3  结果与讨论 

























图1  LaCoO3纳米颗粒的SEM图(a)、EDX图(b)、 
TEM图(c)和HRTEM图(d) 
Fig. 1  SEM (a), EDX (b), TEM (c) and HRTEM (d) 
images of LaCoO3 nanoparticles. 
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状态是LaCoO3。 































3.3  LaCoO3-TiO2纳米管阵列的吸收光谱 
LaCoO3纳米颗粒在TiO2纳米管阵列上的修饰
旨在获得具有强可见光响应的LaCoO3-TiO2纳米
图4  TiO2纳米管阵列(a, b)和电泳沉积时间分别为 
1 min (c)、7 min (d)、15 min (e)和25 min (f)制得的
LaCoO3-TiO2纳米管阵列的SEM图 
Fig. 4  SEM images of TiO2 nanotube arrays (a, b) and 
LaCoO3-TiO2 nanotube arrays prepared by electrophoresis 
for 1 min (c), 7 min (d), 15 min (e) and 25 min (f). 
 
图2  LaCoO3纳米颗粒的XRD谱图 
Fig. 2  XRD patterns of LaCoO3 nanoparticles. 
 
图3  LaCoO3纳米颗粒中La 3d和Co 2p高分辨XPS谱图
Fig. 3  High-resolution XPS spectra of La 3d and  
Co 2p of LaCoO3 nanoparticles. 






















为3.16  10−4 min−1。TiO2受限于只吸收紫外光，因
此TiO2纳米管阵列在可见光下基本没有光催化活
 
图 6  LaCoO3-TiO2 纳米管阵列的 XPS 图 
Fig. 6  XPS spectra of LaCoO3-TiO2 nanotube arrays. 
 
图 5  TiO2纳米管阵列和 LaCoO3-TiO2纳米管阵列 XRD 图





Fig. 7  DRS spectra of TiO2 nanotube arrays,  
LaCoO3 and LaCoO3-TiO2 nanotube arrays  
prepared by electrophoresis for different times. 











应动力学常数分别为6.87  10−4、9.73  10−4、1.41  













































图 8  不同光催化剂可见光光催化降解 MO的动力学曲线
Fig. 8  Kinetic curves of different photocatalysts in the 
photocatalytic degradation of MO under  
visible light irradiation. 
 
图 9  不同光催化剂的 PL 光谱(a)和可见光照射下的 
EIS 谱图(b) 
Fig. 9  PL spectra (a) and EIS plots under visible  
light irradiation (b) of different photocatalysts. 
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